RNA Synthesis in Vitro Directed by Lambda Phage DNA: 1) Analysis of Preferential RNA Synthesis in Vitro by Murakami Seishi

























































































































































































































































































































































































11???? ??? ??? ????‐???
TM
●
一
入
2 4 7
Enzyme("1)
1"gofeachDNAandvariedvolumeofFII(22S)ofDEAEfractionwereused・Others
areasinFig.3.
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Firstly,in-thereactionbyconstantamountofenzyme(22S)andvaried.amount
ofDNAtheincoxporationofl4C-AMP:intoTCAinsOlubleformwasiexamined.Result
ofDNAsaturation(Fig.3)indicatesthattheconstantamountofenzymegives'diffe-
rentmaximum:initialratecorrespondingtoeachprimer・Thisrelativevalue!differs
whenenzyme"orDNA:preparationischangedbutbyusingスDNAtheenzymeacti-
vityisintheangeofl/2-1/4ofthatby'T4DNAjasstandard.ThiS.;maynotbe
duetOtheexistenCeofaggregationOrdimerofDNAibecausethisradoisnotlargely
ChangedbyadditionOfsaltorheatingat65C・TheconditionofDNAexcessforthe
reactionwasdeterminedfromDNAsaturationcurveineachexperimentJ
Secondly,inthereactionbyconstantamountofDNAandvariedamountofenzyme
(22S)theinitial.rateofRNAsynthesiswas,analyzed(Fig.4)．FromthiSresultthe
numberofenzymemoleculesinitiatedonDNAcanbecalculatedafternormalization
bytherateofRNAsynthesisOneachDNA.:Thusitcanbeestimatedthatoneenz-
ymemoleculestartedoneachlxlO6daltonsofT4DNAinaverage(Figr4).Asthe
rateofRNAsynthesisby.80andスDNAisidenticalwiththatbyE，cO"andtwo
foldsofthatbyT4DNA,therelativenumberpfmoleculeson｡aconstantlengthofス
DNAtoT4DNAisaboutl/9basedonthevalueobtainedfromthisfigure.Therefore
itiscalculatedfromthisdatathatabout4moleculesof22-Senzymeperonemolecule
ofスDNAstartedRNAsynthesis・ThenumberofinitiationsitesofスDNAcalclliated
asabovewasvariedfromexperimenttoexperimentbutWithinlOmoleculesperone
Fig．5．Self-annealingtestofRNAsynthegized"""0
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3H-GMPlabeledRNAwasprepared"〃"γobyFII(22S)ofDEAEfraction・Reaction
wasat37Cfor35minandintheconditionofDNAexcess･PreparationofRNAwas
carriedoutbyDNasetreatment(inMaterialandMethods)．ReaCtionmixtureofself
annealing(final,0.12ml)containedO.5MKCI,1CmMTris-HCl;pH7.8at4Candvaried
amountof3H-RNA.Afterincubationat67Cfor2hrRNasedigestionwascarriedout
(finallO"g/ml)at37Cfor30min.AfterRNasedigestion,0.5mloflO%TCAandO.2
mlof2．5mg/mlofbovineserumalbuminwaSadded.TCAinsolubleprecipitateswere
collectedbylowcentrifugationandwashedtwicewith5%TCA・画nalprecipitateswere
dissolvedinca、0．5mlof2NNH40Handsampleswereappliedinplanchets・Denatured
DNAusedasprimerwaspreparedasdescribed.inMethods.RNaseresistantcpmofRNA
synthesized:雄切"odirectedbynativeimWAI(一●－),denaturedス"ni(－○一)and
nativeT4DNA(－×－)inrelationtoinputsH-RNAwereplotted."."
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moleculeofスDNA.
2)AsymmetricRNAsynthesisinvinOprimedbyスDNA
Bytheself-annealingmethod,theratioofselfannealedRNAtoinputRNAwas
determined.RNAsynthesized"〃〃γodirectedbydenaturedスDNAwasexnminedas
control・AscanbeseeninFig､5,inthecaseofRNAprimedbynativeスDNAthe
amountofRNaseresistantRNAafterincubationisnotincreasedregardlessincrease
ofinputRNA・ButRNAprimedbydenaturedDNAwasselfannealedatconstant
rateandtheratioofself-annealedRNAtoinputRNAisabout5%bythisfigure.
ThisvalueisrelativelylowascomparedwiththatbyreportedbyNaonoandGros28).
ThisismainlyduetothelowefficiencyincountingaH-RNAsamplewithcarrier
bovineserumalbuminbygasflowcounter・RNaseresistantpartofRNAdirectedby
nativeDNAisalmostnegligibleandclearlydifferentfromthatofcontrol.Fromthis
experiment,asymmetricsynthesisofRNA"〃〃γobyusingスDNAasprimeris
concluded.
3)AnalysisofRNAsynthesizedin面trobyhybridizanontechnique
Fig．6representsDNAsaturationcurveofhybridizationinthepresenceofthe
constantamountof8H-RNA・RNAwaspreparedat20minofthereactionbyスDNA
asprimer，Over20%ofinputRNAwashybridizedtodenaturedDNAinthisexper-
iment・Efficienciesofhybridizationinexperimentsperformedwere20-40%.Backgro-
undcheckedbyheterologousDNAwaslowerthanlOOcpm.
RNAsaturationcurveindicatesthatl8%ofdenaturedDNAiscoveredby20-min
pmductRNAifcompleteasymmetricRNAsynthesisistakenplaceinthisSystem
Fig.6．HybridiZationof3H-RNAsyntheSized伽魂かOdriectedbyスDNA
(DNAsaturationcurve)
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EachreactionmixtureofRNAsynthesiscontainedthesameasdescribedinng.1,
exceptusingsHeGTP(4×104cpm/m"mole)asradioactiveXTPandthevOlumeofreacti"
mixturecontainingO.1MKClisl､2ml.TheratioofmA("g)/enzjme(unit>.is4/3.
FII(22S)ofDEAEfractionwasused.RNAwaspreparedat40minafterreactionand
membrane.methoddescribedinMethodswasapplied･Reactionmixtureofhybridization
(0.5ml)contained8､6x103cpmof8H-RNAandvariedamountofdenatur"mAof
eachspecies:A､oild(一●一)bH69(－○一),KY162(－△－)and.80DNA(一▲－)．
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Fig．7.HybridizationofsH-RNAsynthesized"""odirectedbyスDNA
(RNAsaturationicUrve)-
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Reactionmixtureofhybridization(0.5ml)containedvariedamountsof3H-RNAandl
"gofdenaturedDNAofeachspecies:ス"'f'd(－●－),H69(一○一),KY162(－△一）
andd80DNA(-▲－).OtherswerethesameasinFig､6.
(Fig.7).
スb2inplaceofスwildwasusedasprimertoanalyzewhicharmwastranscribedj銘
"〃γo.Thereasonsofusingib2DNAasprimerarefollows・Theregionofb2isdeleted
inスb2DNAasshowninFig､1．Theb2regionlocatedinthemiddleoflinearmolecule
isaboutl6%ofwholel"i"DNA23),possiblyinertintranscription"〃〃"029)andlack
ofb2regiondoesnotaffectlyticcycleofphagemultiplication．Twohybridphage
DNA'susingfortrappingeacharmRNAbyhybridizationhaveacommonregionin
themiddlepartofDNAincludingb2region(orattregion)．Althoughthiscommon
regionisderivedfrom.80,excludingb2regioncouldlowerthenoiseofhybridization.
InFig.8twodifferentRNA'Spreparedbyス"'i'dandスb2DNAasprimerexhibit
differentefficienciesofhybridizationmanidenticaldenatured沖繩dDNA，Thissug-
geststhatb2regionmaybetranscribedl"〃〃"oat25minofthereaction・Butthis
differenceofhybridizationislargerthanthatoftwoDNA's.Thisisexplainedby
assumingthatnotallregionistranscribedat25minbutb2regionistranscribedat
thistime=
EfficienciesofhybridiZationvarywithdifferentpreparationsofDNAused・The-
reforethevaluesatplateauobtainedfromDNAsamrationbytwohybridphage
DNA'sdonotdirectlyindicatetherelativeamountofRNAhybridizabletoeacharm
inthesample,butindicateonlyactualvaluesofRNAhybridized.Thusanormaliza-
tionisnecessarytoeachexperiment・Forthepurpose,denamredスb2DNAwasusedas
templateandRNApreparedinthereactionwasregardedasaStandard,basedon
thatrandomreadingisoCcuredwhendenamredDNAisusedasprimer30).Asshown
inFig.1,theratioofDNAregionsoftwoarmsinlengthiscalculatedfromthemap
ofスbgandtwohybridphageDNA's・ThereforetherelativeamountofRNAhybridi-
zedtoeacharmofthestandardRNA(denaturedスbzDNAdirectedRNA)cangive
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Fig.8.Hybridizationof3H-RNAdirectedbyス"ildandスb2DNAtodenatured
i"il'IDNA(RNAsaturationcurve)
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ReactionmixtureSofRNAsynthesiscontainedthesameasdescribedinFig.2except
containingO.1MKClandusinglOO"Mof3H-CTP(5.6x104cpm/m"mole)asradioactive
XTP.EnzymeusedwasFII(22S)ofDEAEfraction.&chreactionmixh皿Pecontained:76
"gofス"ildDNAand50unitsofenzymeinO.5mland48"gofスb2DNAand50units
ofenzymeinO.5ml.Reactionat37Cwasstoppedat25minthen8HRNAwaspurified
bymembranemetlioddescribedinMethods.Reactionmixtureofhybridization(0.5ml)
containedO.4"gofdenaturedス切蠅aDNAandvariedamountsof3H-RNAdirectedby
ｽ"ildDNAandvariedamountsOf3H-RNAdirectedbyスipiIGIDNA(一●-)andスb2
DNA(一○一)．
?
therelativeefficienciesofhybridizationofeachoftwohybrid-phageDNA's(asin
Table2).
4)Pref"entialRNAsynthesisinvitrodirectedbyスb2DNA
Thequantitativeanalysiswascarriedouttodeterminewhichpartofスb2DNA
wastranscribedi"〃〃γ0．TwohybridphageDNA'swereusedforhybridization・H69
DNAhastheregionderivedfromtherightarmofスDNA(about35%ofwhole
DNA)andKY162hastheleftarmofスDNA(about55%)．Thereforetherelative
amountofRNAhybridizedtoeacharmofス･DNAcanbegivenbyDNAsaturation
curveofRNAsampleafterthevaluesarenormalizedbytheefficienciesofhybridiz-
ationmeachdenaturedDNA.
..RNAsamplesatthevarioustimesofthereactionwerehybridizedwithH69,
KY1622ndスb2DNA、TheconditionofRNAsynthesisisdescribedinlegends.Ascan
beseeninFig.9,attheearlytimeofthereactionRNAsynthesizedwashybridized
mH69DNAwithpreference・RNAhybridizedtoH69DNAcorrespondstotheregion
ofrightarmofスDNAthatisthepartofearlyfunction．ThispreferenceofRNA
synthesisat3minisahnostexclusiveandthenormalizedindexofrelativeamountof
RNA(right/left)is5m7intheexperiments・Onthecontraryat24minthisprefe-
renceislostandreverselyRNAcorrespondingtoleftarmisexcessinamount,and
thenomalizedindexisnearO.5.
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Fig.9．PreferentialRNAsynthesis""rOdirectedbyスb2DNA
Template:ｽb2DNA(native) (denatured)
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ReactionmixturesofRNAsynthesiswerethesameasthatofFig、8.mchcontained:
380"gofスb2DNAand300mitsofFII(22S)in5.Oml．and50"gofdenaturedスb8
DNAand200unitsofenzymeinl.5ml.Atthisratio,DNAwasexcessinreaction
mixture･Timeofsamplingwas3minand24minasfornativeスb3DNAand25min
fordenaturedスb2DNA・Eachreactionmixtureofhybridization(0.5ml)containedvaried
amountsofdenaturedDNAofeachs"cies:スb2(－▲一),d80(一△一),H69(一○－）
andKY162DNA(－⑬－),andconstantamountof3H-RNA9×103cpmof3-minprmuct,
1．2×104cpmof24-minproductandl.1×104℃fdenaturedスbzdirectedRNA.
80
TemporalchangeofthispreferentialRNAsynthesisisshowninFig.10and
Table2・InFig、10,theratiosofhybridizedRNAtoeacharmtototalhybridized
RNAareplottedinrelationtothetimeofthereaction・Fmmthisitisconcluded
thatleft-armRNAbecameexcessinamountafteraround20minandthepreference
inRNASynthesisofrightarmisconservedatleastuptoaboutlOmin.Ifnetsynt-
hesiscouldbeextraporatedbytheseamountofRNAestimatedateachtime,the
netRNAsynthesisbetweenl2and24minmightbeexclusivelyaccountedasleft-arm
RNA.SynopsisoftheseislistedinTable2.
-RNAsynthesizedbyl5-Senzymewastestedsimilarlyasalmve・Asdescribed
inDiscussion,FIorl5-SenzymedifferesinmanyrespectsfromFII(22S).Asitcan
beseeninTable2,nopreferentialRNAsynthesiswasobservedwhenl5-Senzyme
wasused・ThisresultmeansthatRNAsynthesizedbyl5JSenzymecontainsalmost
equalamountofRNAhybridizedtoeacharm.
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Fig．10．ThetimecourseofpreferentialRNAsy･nthesis
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HybridiZationexperimentswerecarriedoutasdescribedinFig．9andfinallevelofcpm
hybridizedt､H69andKY162wereadded(totalhybridizedcpm).Relativeratios(%)
of8H-RNAhybridizedtoH69DNA(-●－)andKY162(一○一)tototalhylXidized
cpmwereplottedrelatingtothetimeofsampling.
Table2．Pre"renfial
Timeof
Enzymesampling
sy･nthesiSofスRNA"""o
RNAhybridizedwithRelativeratioCalculated*
a)H-69b)KY-162a/bR/L
cpmcpm
Exp・Template
DNA
A－1)nativeスb2 22S
。、。、。?????????????????
??
??
?????????????????737
躯70
412
2916
4617
2361
1785
1478
110
1550
521
310
1200
551
3248
1808
?
???????????????
2)nativeスb2 22S
3)denaturedスb222S
B-1)nativeスb2 15S6min
30min
2)denaturedスb222S
360
390
295
??????
2.3
2.2
1.42
??
??
?
ReactionmiXturesofRNAsynthesiscontainedthesameasdescribedinFig．9.Series-
AofexperimentswereidenticalwiththatdescribedinFig.9.Inseries-B,15-Senzyme
derivedfrom22SofFIIbyagingwasused・ReactionmixtureofRNAsynthesiscontained
310"gofスb2DNAand300unitSOfl5-Senzymeinl．8ml．PreparationofRNAand
theconditionofhybridizationwerethesameasthatofSeries-A･ThestarMIardRNA
(denaturedDNAdirectedRNA)wasidenticalwiththatofSeries-A.
CalCulationindeX*:ObserVedratioa/b×relati*eefficiencyofhybridizatiOn(normalyzed
bythestandardRNA)
、
DISCUSSION
1)IntheseexperimentspreferentialRNAsynthesisofrightarmofスDNAwas
ObservedintheearlytimeofthereactionwhenFII･(22S)enzymewasused・Byl5-S
enzymepreferentialRNAsynthesisdidnottakeplace.Theseresultsarewellconsist-
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entwiththeobservationsonthetwoentitiesofRNApolymerasereportedpreviously7》・
Byl5-Senzymethereactiondidnotcontinuedover60minandshearingoftemplate
DNAcausedtheincreaseofenzymeactivitywhichwasnotobservedbyFII(22S)3'>.
FromtheseandtheresultsreportedhereitisstronglysuggestedthatFII(22S)isthe
entityresposiblefortranscription.
Fromtheindexofpreference,thedistributionofinitiationsitescanbecalculated.
IntheconditionappliedinthisexperimenttherateofchaingrowthwasaboutlO
nucleotides/secastoスDNA・Thereforeat3minafterthereactionstarted,RNAsynt-
hesizedbyoneenzymemoleculeonlycoverslessthan4%oftotalRNAcorresdonding
tothewholeスDNA.Moreoverthe.reactioniscarriedoutundertheconditionofDNA
excess,sotheseccndcycleoftheinitiationonthesamesiteononeDNAbythe
otheren2ymemclecule<culdteminimizedaslittleaspcssibleintheearlytimeof
thereaction・BythesereasonstheindexcalculatedfroIndataat3minreflectsthe
distributionofsitestoleftandrightarmoflDNA(R/L:5-7)．Thenumberof
initiationsitesononemoleculeofス"ildDNAwascalculatedbythekineticsofthe
initialrate(Fig.4).Thevalueobtainedbythisexperimentwas4,thoughitvaried
withinlOperonemoleculeofDNA・Ontheotherhandthecalculationofnumberof
bindingsitesisalsopossiblebytheisolationofDNAmoietiescomplexedwithRNA
POlymeraSe32)．ByMatsukageeizJ38),thenum上erofbindingsitesofADNAwassupp-
osedtobewithinlO.Thisiswellcoincideswiththedataabove.Ontheotherll3nd
threeinitiationsites(perhapscorrespcndingtooperatcrs)weresuppcsedtoexsist34,85).
Iftentativelythenumterofinitiaticnsitesj"""obe4andtheratioofdistribution
ofsites(R/L)上e6,thenum上erofthesitesontheleftarminaverageisbelowl
Fercnemoleculeofスヒ2DNA.Furthermcreintrinsicreascns,wherebysynthesisof
RNAhylriCizedtoleftaImtakesrla(e,areccnsidered．i)Thesizeof3-minproduct
RNAisc(rXesF(ndingto4%cftctallengthofスDNAmoleculeasdescribedabove.
Thustheenzymemoleculestartedatthesiteneartheborderofonearmcansynthes-
izeRNA[filedleraImuitkin3min・TkelengthofRNAactsasanerrorin
calculatingtkeratioofdistributicnofsitesfromthedataofhybridization・ii)Cont-
aminationofl5-Sen2ymeinFIIfracticncausessyntlzeSiZingRNAfrcm上otharms
eqIxally.TkeEeIcEEi上ilitiesinclinetostggestthatintkissystemnoinitiaticnSitefor
FII(22S)existsinleftarm. G1巾
2)IncreaseofsynthesisofRNAhytridizedtoleftannwastakenplaceinthis
system・After20mintheamountofleft-armRNAwasexceededoverthatofright-
armRNA・TlepcssitilitiesresF[nsi上lefcrthisp上encmencnareasfollou･s.a)Noter-
p
minaticnoccurredinthissystemandsomeportionofenzymemoleculeslocatednear
middleslidefrCmrighttoleft・ThusafterlOmin,mostofenzymemoleculesare
synthesizingRNAcntheleftarm．b)RNApolymeraseitselfisalteredafterreading.
Thustkealteredenzymebecomestoinitiateitsreactiononleftarm・Followingresults
makeussuppcsethepcssibility.ofescapefromnormaltermination.Sedimentation
上ehaviorsindicatesthattheproductRNA"""oafterlOminisover30Sandhas
｡RNASynthesisbylambdaDNA 47
singlepeakifenzymepurifiedbydensitygradientcentrifugationisusedinthereact-
ionsystemofRNAsynthesis86)．DistributionofmdecularsizeofRNAofinduced
ｽ-lysOgenwasreportedbyKourilskye#"J85)andtheysuggestedthatatleastthree
kindsofRNAwasdetectedandtwoofthemwerenotsolargemoleculelikeas30S.
RNApolymerasemoleculestartedononeDNAmoleculewassupposednottoinitiate
RNAsynthesisontheotherDNAmolecule86)・ByFuchse#αノRNAchaintermination
"curredonlyinadefinitesaltconcentration,butatthisconditionthetermination
wastakenplacenotatthegeneticallyspecificpointsbutrandomly87).Considering
thesefacts,theescapeofterminationatthespecificpointism"tprobablebutalter-
ationof22-Senzymeafterreactionisalsosuggested、35S-labeled22-Senzymewas
incubatedincompletereactionmixturefor45minat37Candthenappliedtoglycerd
densitygradientcentrifugation.Thepatternofsedimentationprofileindicatedthe
presenceofminorpeak(about3S)ofradioactivityalthoughtheprofileofthesample
withouttemplateDNAdidnotshowanyminorpeakS8).
All,thepossibilitiesarenottobedeniedbytheresUltSdeSCribedaboveandin,p9
nextstepofexperimentitisnecessarytodeterminewhichiscorrect・Themostimp-
ortantprOblemisthecharacterizationofleft-armRNAsynthesizedj"〃〃"0.…Itmust
beexaminedwhichstrandistranscribedandwhetherthelargeRNAmoleculehaving
botharmsexists.
Decreaseofright-armRNAwithtimeiscontradicttotheresultofMaitrag#
"J89》・TheyshowedthatpreferenceofRNAsynthesiscontinuedoverlOOminwithout
alteringtheratioofRNAofeacharm，Recentlyitmaybeprobablethatthetermin-
ationisnotoccurredevenbytheirconditionand0.2MKClisnecessaryfortermina-
iton・Ifso,theresultasapreviouslyshownRNAsynthesisatlatetimeofthereaction
maybeonlyareflectionfromthefeaturesatearlytimeinthereaction.
3).Theassaysystemappliedinthisexperimentsespeciallyusinghybrid-phage
DNAforhybridization,enableustoanalyzethemolecularmechanismof,transcription
"〃〃γowithlessdifficulties・ThelargescalepreparationofeacharmSofスDNAis
availableonlybythemethodlikethisandthepuritiesofeacharmsisgenetically
guaranteed.ThenormalizationbyRNAdirectedbydenaturedDNAisnecessarybec-
auseefficiencyofDNA'sinhybridizationisvariednotonlybythemethodofthe
preparationofDNAbutalsoamongDNA'sbythesamemethod.
FinaUytheassumptionthattheexistenceofspecificsignalofinitiationandspec-
ificRNApolymerasewhichcanrecognizecorrespondingsignalofinitiationismost
probableexplanationforthemechanismofpreferentialRNAsynthesis.Ifitisthe
case,theprocessofswitchoffandonoftranscriPtioninphageinfectedceUsmust
beconsistoforpartiallyconsistofmodificationofRNApolymeraseofE.co"that
enableenzymetorecognizesignaldifferentfromthatofearlyinitiation.
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